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onunions of the lower extremity are associated with high morbidity, leaving the patient in physically and mentally devastating condition. Their high impact on the patient's mobility and normal activities of daily living can be severe. Clinical assessment of nonunion surgeries is difficult and does not necessarily correlate with the patient's perception of the outcome. A patient-oriented approach therefore offers considerable advantages in the assessment of outcome. 1 It gives objective insight into patients' ability to perform everyday tasks and into their emotional state.
The results of nonunion surgery usually have been judged in terms of bony union, time to union, infection rate, range of motion for adjacent joints, and strength of the affected extremity. [2] [3] [4] [5] [6] [7] The functional recovery based on the patient's perspective and improvement in quality of life has not been well documented.
The Short-Form Health Survey (SF-36) questionnaire was developed at the RAND corporation as part of the Medical Outcome Study. 8 The SF-36 is a generic outcome tool consisting of 36 questions related to physical and mental health. The physical health component contains four measurements: physical functioning, physical role, bodily pain, and general health. The mental health component also contains four measurements: vitality, social functioning, emotional role, and mental health. On each of the eight subscales, the minimal score that can be achieved is 0, and the maximal score is 100 (optimal). The SF-36 has been tested for reliability and validity for the U.S. population. 9 The SF-36 questionnaire has been used for outcome assessment of numerous medical and surgical conditions including orthopedic conditions such as pelvic ring fractures 10, 11 ; hip fractures 12, 13 ; scapula fractures 14, 15 ; tibial plateau fractures 16 -18 ; tibial shaft fractures 19 ; ankle fractures 20 -24 ; calcaneous fractures [25] [26] [27] ; distal humerus fractures 28 -30 ; osteoarthritis of hip, 31 knee, 32 and ankle 33 ; rheumatoid arthritis 34, 35 ; hip and knee replacement surgery 36 -41 ; shoulder arthroplasty 42 ; anterior cruciate ligament injuries 43 ; rotator cuff tears 44 ; and various spine conditions. [45] [46] [47] [48] [49] Although function often is emphasized as an outcome measure for nonunion treatment, 50 functional outcome scores obtained by questionnaires have been reported only twice, 51, 52 once using the SF-36. 51 However, a comparison of pretreatment and posttreatment functional outcomes has not been documented.
The goal of this study was to assess the improvement of patient-oriented physical and mental functional outcomes for 23 operatively treated nonunions of the lower extremity measured by the SF-36 questionnaire. The eight SF-36 subscores were compared with preoperative values and with the average values for the U.S. population.
MATERIALS AND METHODS
At their last clinic visit within 2 weeks before surgery, 23 nonconsecutive patients with a nonunion of the lower extremity (5 infected and 18 noninfected) were asked to complete a SF-36 questionnaire. Of the 23 patients, 16 had undergone one previous surgery, 5 had two previous surgeries, 1 had three previous surgeries, and 1 had four previous surgeries. One patient also had received electrical stimulation as an adjunct to nonunion treatment. At the time of the original injury, 15 of the patients had no other lower-extremity or pelvic fracture, 6 had at least one ipsilateral fracture, 1 had a contralateral fracture, and 1 had an ipsilateral and contralateral lower-extremity fracture. Of the 15 patients with an isolated fracture, 1 had a significant peroneal nerve injury leading to a foot drop, 1 had end-stage renal disease, and 1 was a nonambulator before the injury.
The patients underwent surgery an average of 482 days (range, 107-3,784 days) after the original treatment. All the surgeries were performed by the senior author. Table 1 lists the location of the fracture, the original treatment, and the nonunion treatment. Staged procedures consisting of irrigation and debridement were performed for three of five infected nonunions. Bone grafting was performed in 19 of 23 cases. Additional allograft (Interpore) was used in two cases. In any exchange nailing (n ϭ 6), reaming was performed to 1 mm more than the nail used, and the nail diameter was increased by at least 1 mm, and maximally by 6 mm.
At an average of 449 Ϯ 152 days (range, 236 -740 days), the patients were asked to complete another SF-36 questionnaire. The surgeon's intent was to administer the SF-36 at 1 year postoperatively. However, some of the patients missed their clinic visits. The SF-36 was then administered when the patient returned to the clinic. A statistical comparison of all eight preoperative and postoperative subscores was performed using the paired two-tailed Student's t test after a check for normal distribution of each subscore using the Kolmogorov-Smirnov test. All postoperative subscales were compared with the values of the normal U.S. population using the two-tailed Student's t test. All p values with an alpha of 0.05 are reported along with their confidence intervals (Table  2) . Also, the preoperative and postoperative SF-36 subscores were compared between the infected and noninfected nonunions using the two-tailed Student's t test.
RESULTS
Of the 23 nonunions, 21 showed signs of consolidation after 1 year. All five infected nonunions healed. Two fractures (1 femoral shaft and 1 distal femur fracture) continued to show no signs of healing. All SF-36 subscores for the 21 healed nonunions had improved 1 year after nonunion treatment. The changes in the physical functioning, physical role, and social functioning subscores comparing pretreatment and posttreatment values were statistically significant (p Ͻ 0.05). The emotional role subscore was borderline significant (p ϭ 0.07). General health did not significantly change, indicating that significant changes in general health did not occur, and therefore did not influence the changes in the other scales. 
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Volume 58 • Number 2However, the posttreatment values for all eight subscales were significantly lower than those for the normal U.S. population 9 (p Ͻ 0.01 for all subscales) (Fig. 1 ). There were no statistically significant differences between the SF-36 subscores for infected and noninfected nonunions either preoperatively or at follow-up assessment. The p values ranged from 0.20 to 0.96 for preoperative comparisons, and from 0.14 to 0.99 at the follow-up assessment. However, these comparisons are limited by the fact that there were only five infected nonunions.
The scores of the two continued nonunions improved only slightly, but remained at a very low level (Table 3) . However, because only two patients did not heal, no statistical comparison can be performed between the values of healed and nonhealed fractures.
DISCUSSION
There are many traditional ways to measure outcome such as assessing radiographic healing, range of motion, or strength. Scoring systems for various conditions have been developed. However, most of the scoring systems are physician-based systems, with the values assigned by the physician (e.g., the Harris hip scale for the assessment of arthroplasty), and thus do not necessarily reflect the patient's perception of the outcome. Furthermore, as Swiontkowski 53 pointed out, collection of data by the treating physician can be a source of bias. Therefore, patient-based clinical outcome questionnaires have been developed. The most commonly used questionnaires for assessing the functional outcome of musculoskeletal conditions are currently the SF-36 and the Short Musculoskeletal Functional Assessment. The use of standardized functional outcome questionnaires also increases the comparability between studies of a given medical entity and between different medical conditions.
Nonunions can be devastating to the patient, can intuitively significantly decrease quality of life, and are associated with many direct and indirect costs for both the individual patient and third party payers. Direct costs may include surgical procedures, prolonged physical therapy, and clinical costs. The main indirect costs are related to a delayed return to work. Heckman and Sarasohn-Kahn 54 stated that the longer the delay in the union of fractured tibias, the greater the cost will be for management of the fracture to the time of union. Prevention of nonunion at the time of initial treatment should of course be a high priority.
Other surgical interventions for orthopedic conditions such as hip, 55, 56 knee, 56 and shoulder 42 arthroplasties have proven efficacy for improving SF-36 scores (Table 4) .
The SF-36 scores for patients with fractures have been documented among patients with pelvic ring fractures, 10, 11 hip fractures, 12,13 scapula fractures, 14, 15 tibial plateau fractures, 16 -18 tibial shaft fractures, 19 ankle fractures, 20 -24 calcaneous fractures, [25] [26] [27] and distal humerus fractures. 28 -30 It is known that patients with fractures had functional outcome scores comparable with those for the general population before their fracture occurred. Thus studies that document SF-36 scores or other functional outcome scores after fracture surgery do so for patients who presumably had normal scores before their traumatic event. It is in this respect that nonunion patients are different. For this cohort, patients with nonunions of the lower extremity have a significantly lower quality of life, as assessed by SF-36 scores. In fact, their baseline physical functioning, role physical, and bodily pain are some of the lowest, as compared with patients who have osteoarthritis of the hip, 55,56 knee, 56 or shoulder, 42 or rheumatoid arthritis, 34 and with patients who have untreated vertebral osteoporotic fractures 46 (Table 4) . Before treatment/after treatment.
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Bowen et al. 51 reported SF-36 scores for eight successfully treated infected (diffuse osteomyelitis in all cases) nonunions of the tibia for an average follow-up period of 3 years. All the scores remained below the age-adjusted national norms, with physical functioning, bodily pain, general health, and mental health significantly below the norms statistically (p Ͻ 0.01). As compared with the current cohort, the general health (38 vs 57), vitality (44 vs 45) , and mental health (44 vs 63) scores were lower, and the physical functioning (61 vs 43), role physical (71 vs 36), role emotional (64 vs 49), social functioning (70 vs 46), and bodily pain (41 vs 28) scores were higher. However, the preoperative functional status was not assessed.
In 1993, before the SF-36 and the Short Musculoskeletal Functional Assessment were developed, Lerner et al. 52 assessed the functional outcome for 50 patients with nonunion of the femur or tibia, 39 patients with chronic refractory osteomyelitis, and 20 patients with lower-extremity amputation at an average follow-up period of 6.7 years using the Arthritis Impact Measurement Scale and the Psychosocial Adjustment to Illness Scale. At the time of assessment, 35 of 50 nonunions had healed, and 15 of 50 patients showed persistent nonunion. All three groups were divided into patients with pain and those without pain in the analysis of the Psychosocial Adjustment to Illness Scale. In the group without pain, the nonunion patients showed slightly better psychologic adjustment than the osteomyelitis patients, and poorer adjustment than the amputation patients. The overall scores for the Arthritis Impact Measurement Scale showed no significant differences among nonunion patients, patients with osteomyelitis, and amputees. However, the nonunion group demonstrated better physical activity.
A healed nonunion significantly improves quality of life. The functional status for nonunions of the lower extremity was greatly improved 1 year after operative intervention in the current study. Nevertheless, the results show that it does not reach the level of the average U.S. population, as measured by the SF-36 questionnaire. However, because the recovery process after nonunion treatment is long, it is not clear when the patient reaches maximal benefit and functional outcome. It is evident that even after a relatively minor musculoskeletal injury such as an ankle fracture, patients have not returned to the population norm at 1 year after treatment. 24 The overall higher SF-36 scores for infected tibial nonunions obtained at an average of 3 years, as reported by Bowen et al., 51 indicate that the recovery process may take more than 1 year. Quality of life must be studied over time. To determine the change over time and the timing of the maximal benefit after nonunion surgery, a prospective study with frequently assessed quality of life via validated questionnaires such as the SF-36 must be performed. However, the values of the current study can be used to guide patients' expectations. 
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